Conventional methods used to fabricate the light guide plates (LGPs), such as injection molding and hot embossing, are difficult and unsuitable. In this study, the authors propose a new manufacturing process for the roll-to-plate UV imprint lithography (RPIL) technique that fabricates LGPs with dot patterns. A flexible and transparent sheet mold with microstructures required by the RPIL machine replicated from an LGP made from injection molding used in the RPIL process will be described. The study describes the RPIL machine equipped with an automatic release mechanism, roller, UV light source and loading system. With the RPIL process, a replica LGP was successfully fabricated and experimental results demonstrate the excellent optical properties of proposed device. These results demonstrate the potential of this process for the fabrication of thin LGPs with microstructures.
Introduction:
The non-emissive nature of liquid crystal displays (LCDs) requires the integration of an independent light source called a backlight unit (BLU). BLUs are generally either directly lit or edge lit depending on the location of the light source. Edgelit BLUs comprise a light source, light guide plate (LGP), frame and optical films. In this configuration, the LGP facilitates the transmission and transformation of the linear light source into a uniform planar source through a microstructure of dot patterns, which cause interference in the reflected light.
LGPs have conventionally been fabricated using injection molding [1] ; however, this process is limited with respect to the thickness of injection and is prone to a high rate of defects and deformation.
Recently, various methods have been demonstrated for the fabrication of LGPs, such as closed-die hot embossing [2] and ultra violet (UV)-based imprinting [3, 4] . Hot embossing is performed under high pressure and often leads to the release of the residual stress during the heating and cooling stages, which results in warpage. UV-based imprinting such as roll-to-roll imprinting allows fabrication at room temperature and low pressures [5 -11] ; however, this approach is limited by difficulties associated with maintaining uniform pressure and precise imprinting. To overcome these difficulties, in this study we attempted to develop a UV imprinting process that is capable of low-pressure operations and provides uniformly distributed pressure without limitations of the thickness of the substrate employed.
Thus, we developed a roll-to-plate UV imprinting lithography (RPIL) process to test the applicability of the proposed process; the roller will be used to apply the on-axis force to create the uniform pressure, and fabricated at room temperature by the UV curing process. To allow the UV rays to cure the UV resin after rolling process, the flexible and transparent plate will be the mold to replicate the microstructures to the substrate, and its property of transparent can allow the UV rays passing through to cure the resin. An injection-molded LGP was selected as the model for replication. The LGPs were 0.8 mm thick with dots having diameters between 0.1 and 0.3 mm. The microstructures of the original LGP were replicated using a transparent, flexible sheet mold that was used to fabricate the new LGPs. We then compared the brightness and uniform from the two LGPs produced by injection molding and RPIL process, respectively.
Experimental setup 2.1. Preparation of the replicated model: This study replicated an
LGP that was 0.8 mm thick with disk-like-shaped dots with diameters ranging from 0.1 to 0.3 mm and distributed from the lightemitting side to the opposite side, as shown in Fig. 1a ; the LGP was produced by injection molding. The original LGP was obtained from a disassembled 10.1-in TFT-LCD notebook module, as shown in Fig. 1b . The surface of this LGP with dot patterns was first cleaned using alcohol to remove dirt and oil.
2.2. Preparation of transparent flexible sheet mold: UV light needs to be passed through the mold to harden the resin and enable line contact of the rolling process. Therefore we selected a flexible, transparent polycarbonate (PC) with a thickness of 0.5 mm as the substrate for the mold to replicate the microstructures of LGPs. As shown in Fig. 2 , the model was coated with a layer of release agent (fluoride, isopropyl alcohol, and N-hexane) and the substrate was coated with UV cure resin in a restricted area using a screenprinting machine. The thickness of the UV resin was controlled by the height of the supports, which restricted the movement of the roller. Exposure of the resin to UV completed the fabrication of a flexible, transparent mold complete with microstructures.
2.3. Preparation of the substrate: Row plates that were cut from extruded polymethylmethacrylate (PMMA) with a thickness of 0.5 mm were used as the substrate in this experiment. The substrate was coated with UV resin in a restricted area using a screen-printing machine.
2.4. Setup of RPIL using a flexible sheet mold: To achieve a high production rate, a roll-to-plate UV imprint machine was equipped with an automatic substrate feeder, roller, UV light source and release mechanism of the mold, as shown in Fig. 3a . The flexible mold was fixed in the release mechanism, and the substrate was attached to the chassis with an air sucker. The RPIL process is described as follows, as shown in Fig. 3b : 1. The flexible mold contacts the UV resin placed above the of the original LGP is 0.8 mm, it does not match the width of the light source of the Backlight module and some rays do not get into the LGP of the replica. It is difficult to obtain a 0.8 mm-thick commercial PMMA plate, and hence a PMMA plate with thickness of 0.5 mm is used in our experiments. In summary, the proposed RPIL process can be employed to fabricate LGPs with microstructures, and the optical properties have been verified to be acceptable. This process also shows its potential for fabricating the ultra-thin
LGP for the application in LCDs.
Conclusions:
This study proposes a fast RPIL process that allows unlimited substrate thickness. This process has the advantages of uniform pressing pressure for use in the axis-rolling press and fast curing of UV imprinting. The UV resin refractive index must remain close to the LGP's refractive index to avoid the refraction of rays beyond the cured layer. For this process, a transparent and flexible sheet mold required by the RPIL machine was successfully fabricated. The formability index between the original LGP and its replica using the sheet mold exceeded 97%. The optical properties of the replicated LGP have been verified to be acceptable. These results demonstrate the potential of this process for fabricating the thin LGPs with microstructures.
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